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INTRODUCTION
In recent years, the development of Pb-free sol-
ders for electronic interconnection materials used in
electronic devices has received great attention be-
cause of the health and environmental safety prob-
lems posed by conventional Pb-Sn solders, although
such solders also have favorable properties.1–3 Nu-
merous investigations have indicated Sn-Ag base al-
loys to be promising candidates for replacement of
the presently used Sn-Pb alloy. Although the phase
equilibria of the Sn-Ag-In system are important in-
formation for the development of Sn-Ag base Pb-free
microsoldering alloys, few studies on the phase equi-
libria in this system have been reported. Korhonen
and Kivilahti only determined one isothermal sec-
tion at 250°C by the diffusion-couple method.4
For the development of a Pb-free solder, thermo-
dynamic calculation is an important tool in the de-
sign and evaluation of various soldering materials
because it significantly decreases the amount of re-
quired experimental work. Recently, the present au-
thors have developed a thermodynamic database for
the alloy design of solders.5–7 To construct a more re-
liable database, thermodynamic assessment as well
as experimental work on the phase diagram are im-
portant. A thermodynamic assessment of the Sn-Ag-
In system was previously performed by Korhonen
and Kivilahti.4 More recently, however, the present
authors experimentally determined the phase dia-
gram of the Ag-In system,8 which shows that the re-
gion of the z(hcp) is smaller than that previously re-
ported.9 In addition, the assessment of the Sn-Ag-In
system by Korhonen and Kivilahti4 was based on
only a few experimental data. Moreover, although
the surface tension of the liquid phase, which is one
of the critical physical properties of solders, is im-
portant for the development of new solder alloys, a
detailed investigation of surface tension in the Sn-
Ag-In system has not been reported.
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The purpose of this study is (1) to determine the
phase equilibria of the Sn-Ag-In system on the basis
of differential scanning calorimetry (DSC) and metal-
lography; (2) to thermodynamically assess the phase
equilibria in the Sn-Ag-In system; (3) to measure the
surface tension and densities of the liquid phase; and
(4) to predict the surface tension of the liquid phase
using optimized thermodynamic parameters.
EXPERIMENTAL PROCEDURE
Determination of Phase Equilibria
The Sn-Ag-In ternary alloys were made using pure
Sn (99.99%), Ag (99.99%), and In (99.99%) in evacu-
ated transparent quartz capsules at 200°C higher
than the melting temperature of each alloy for 2 h.
Specimens were equilibrated at 180°C, 250°C, 400°C,
and 600°C and then quenched in iced water. Exami-
nation of the microstructure of each specimen was
carried out by optical microscopy using an etchant so-
lution (FeCl:HCl:H2O 5 10 g:25 mL:100 mL). Equi-
librium compositions in multiphase specimens were
determined by energy-dispersive x-ray spectroscopy
(EDS) using a standard calibration method.
Transformation temperatures were determined
by DSC using the heating curve. The experiments
were carried out in a flowing argon atmosphere,
with heating and cooling at rates of 0.5–3°/min. or
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Fig. 1. The microstructure of the alloy Sn10In30Ag60 (wt.%) equili-
brated at 180°C for 336 h.
Table I. Phase Equilibrium Compositions of the Sn-Ag-In System Determined by the Present Work
Composition (wt.%)
Phase 1 Phase 2 Phase 3
Temperature (°C) Equilibria In Sn In Sn In Sn
600 fcc/z 12.6 4.1 12.9 6.8 — —
14.7 2.6 15.2 5.1 — —
5.0 11.6 5.4 9.4 — —
z/liquid 4.9 19.1 — — — —
14.7 11.4 — — — —
14.2 11.8 — — — —
23.7 2.8 — — — —
24.8 1.9 — — — —
400 fcc/z 12.4 3.4 12.4 6.1 — —
14.8 1.3 15.1 4.2 — —
4.9 10.6 5.5 8.4 — —
z/liquid 1.5 27.6 — — — —
9.9 19.0 — — — —
22.3 8.1 — — — —
31.2 0.7 — — — —
33.5 0.0 — — — —
250 z/liquid 1.3 28.6 — — — —
1.8 28.4 — — — —
9.9 19.1 — — — —
24.6 6.7 — — — —
32.4 0.1 — — — —
33.4 0.0 — — — —
180 Ag3Sn/(bSn) 2.7 27.6 0.0 99.3 — —
z/(Sn)/Ag3Sn 5.8 23.2 0.8 98.1 — —
z/(bSn) 7.9 21.4 2.7 97.0 — —
11.7 17.4 4.7 95.3 — —
z/g 16.1 13.4 6.0 94.0 — —
23.9 7.8 6.4 92.8 — —
z/g/liquid 28.3 3.4 7.6 92.3 23.4 74.2
z/Ag2In/liquid 29.3 2.0 32.9 0.0 24.5 74.2
Ag2In/liquid 33.6 0.0 65.6 32.5 — —
Table II. Transformation Temperatures Determined by Differential Scanning Calorimetry
Alloy  Composition (wt.%)
Other Transformation
In Sn Liquidus (°C) Temperature (°C)
10 10 794.6 —
20 20 578.3 578.3, 193.8, 180.8
20 40 462.6 197.9, 179.9
30 30 466.8 196.6, 181.0, 113.5, 113.2
40 20 466.1 221.2, 216.5, 127.3, 113.6, 103.2
30 40 420.6 187.0, 178.2, 113.3, 112.9, 101.2
40 30 421.7 282.1, 216.1, 141.1, 113.1, 102.4
10 70 369.4 208.9, 195.4
20 60 369.9 194.3, 180.2, 170.0
40 40 372.2 214.1, 145.9, 113.3, 103.9
60 20 363.1 279.3, 233.7, 219.2, 137.3, 115.8
70 10 353.5 151.1, 126.6
10 80 303.8 207.5, 199.4, 194.4
20 70 299.3 191.7, 180.0, 153.6
40 50 297.7 232.7, 148.5, 113.3, 107.7
50 40 297.6 226.8, 113.1, 108.0
70 20 279.0 145.9, 141.1, 122.0
80 10 273.0 158.4, 131.2
10.5 21.4 639.5 203.5, 193.6
20.8 10.8 659.3 240.5, 190.6
40 57.5 186.8 151.8, 113.9
50 47.5 180.8 125.1, 113.4, 112.9
60 37.5 176.0 115.2
50 46 217.9 123.8, 107.6
40 56 214.7 151.0, 107.6
60 36 207.5 115.3
50 48.5 126.2 112.8
40 58.5 152.3 113.5, 112.8
30 68.5 174.8 113.1
less, using sintered Al2O3 as the reference speci-
men.
Measurements of Surface Tension and 
Density
The maximum bubble-pressure method was used
to measure the surface tension of the Sn-In binary
and Sn-Ag-In ternary alloys in the temperature
range from 242°C to about 930°C, depending on the
composition of the investigated alloy. The prepara-
tion of the specimens was almost the same as de-
scribed in our previous papers.8,10 The approximate
values of the surface tension (s) were calculated
from the following equation:
s 5 rg/2 (hm rm 2 hc rc) (1)
where g denotes the gravitational constant, hm is
the difference of the height of manometric fluid be-
fore and after introducing the capillary to a certain
depth (hc), and rm and rc are the densities of the
manometric fluid and the liquid metal (kg/m3), re-
spectively. The precise values of surface tension
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Fig. 2. The calculated Ag-In,8 Ag-Sn,21 and Sn-In23 binary-phase diagrams.
Table III. Thermodynamic Parameters in the
Ternary Sn-Ag-In System Determined by the 
Present Work (J/mol)
Liquid
Constituent Ag In Sn
Fcc
Constituent Ag In Sn
Hcp










were obtained by Sugden’s method,11 based on the
tables produced by Bashforth and Adams.12
Densities of the Sn-In and (Sn-3.8Ag)eut 1 In liquid
alloys were measured by the dilatometric method
based on the height of the alloy, with a constant
weight in the crucible with a diameter of D. The den-
sity was calculated using the following equation:
r 5 m/V (2)
V 5 p D2 H (3)
where r is the density, m is the weight,V is the volume
of the alloy, D is the crucible diameter, and H is the
height of the alloy in the crucible. At each tempera-
ture, the correction on the thermal expansion of the
crucible was made. The density measurements were
performed in the temperature range from 160–917°C.
THERMODYNAMIC MODELS
Description of Gibbs Energy
The Gibbs energies of the Ag2In and AgIn2 phases
in the Ag-In system and the Ag3Sn phase in the Ag-
Sn system are described by the sublattice model;13
the solubilities of the third element in these com-
pounds are ignored. Gibbs energies of solution
phases, such as liquid, fcc, z(hcp), b, g, (Sn), and (In)
phases are described by the subregular solution
model. The Gibbs energies of these solution phases
in the Sn-Ag-In ternary system are represented by
the Redlich-Kister formula,14 as follows:
(4)
where is the molar Gibbs energy of the pure com-
ponent i with f phase, xi is the mole fraction of com-
ponent I, R is the gas constant, and T is the absolute
temperature. The term is the interaction parame-
ter between i and j atoms in the i-j binary system,
and Dex Gtern is the excess term of the interaction be-
tween atoms in the ternary system, which can be ex-
pressed in the following forms, respectively:
(5)Lfi, j 5 a
n
m50
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Fig. 3. The comparison of the enthalpy of mixing in the liquid phase
between the measured25 and calculated results.
Fig. 4. The calculated activities of Sn, Ag, and In at 1,150°C in the
Sn-Ag-In system.
(6)
where the coefficient mLfi,j represents the parame-
ters in the sub-binary system, and nLfAgInSn may be
temperature dependent and is optimized in the
present assessment. The lattice stability parameters
for the pure elements are taken from Dinsdale.15
Description of Surface Tension
The expression for the surface tension of the Sn-
Ag-In ternary-liquid alloy is described on the basis
of Butler’s model16 in the following form:
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Fig. 5. The calculated isothermal sections at (a) 180°C and (b)
400°C compared with the present experimental data. Fig. 6. The calculated vertical sections at (a) 10wt.%Ag (b)
20wt.%Ag, (c) 30wt.%Ag, (d) 40wt.%Ag, (e) 20wt.%In, and (f)
40wt.% In compared with the present experimental data. Continued.
(7)
where si is the surface tension of pure element I,
and Ai is the molar surface area in a monolayer of
pure liquid i (I 5 Ag, In, Sn). The terms and 
are the atomic fractions in the surface and bulk
phases, respectively. The term Ai can be obtained
from
(8)
where N0 is Avogadro’s number, and Vi is the molar
volume of pure liquid i. The term L is usually set to
be 1.091 for liquid metals. The terms 
and are the partial excess Gibbs en-
ergies of element i in the surface and bulk phases,



















surface phase can be obtained from the following re-
lationship:
(9)
where b is a parameter corresponding to the ratio of
the coordination number in the surface phase to
that in the bulk phase, and where it is assumed b 5
0.83 for liquid metals, as suggested by Tanaka et
al.17
The method for calculating the surface tension of
liquid alloys proposed by Tanaka et al.17 is used in
the present calculation. The partial-excess Gibbs en-
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Fig. 6. Continued. The calculated vertical sections at (a) 10wt.%Ag (b) 20wt.%Ag, (c) 30wt.%Ag, (d) 40wt.%Ag, (e) 20wt.%In, and (f) 40wt.% In
compared with the present experimental data.
RESULTS AND DISCUSSION
Determination of Phase Equilibria
A typical microstructure of the Sn10Ag60In30 (wt.%)
alloy equilibrated at 180°C for 336 h is shown in Fig.
1, where three phases, namely, the liquid, z(hcp), and
Ag2In phases, can be distinguished, and the equilib-
rium compositions of these phases determined by
EDS are listed in Table I. The main features of the
phase equilibria in this system are that there are
very small solubilities of In in the Ag3Sn and that of
Sn in the Ag2In phase, and the z(hcp) phase continu-
ously exists from the Ag-Sn side to the Ag-In side.
Vertical sections at 10wt.%, 20wt.%, 30wt.%, and
40wt.%Ag and 1.5wt.%, 2.5wt.%, 4wt.%, 20wt.%,
and 40wt.%In were also determined by DSC. These
results are listed in Table II (Fig. 6).
Optimization of Phase Equilibria
Binary Systems
The phase diagram of the Ag-Sn binary system
has been assessed many times.18–21 Ohtani et al.21,22
estimated the parameters of the metastable hcp
phases by combining Kattner and Boettinger’s pa-
rameters19 with the experimental data of the Sn-Ag-
Bi system. Although the thermodynamic assess-
ment of the Ag-In system was carried out by
Korhonen and Kivilahti,4 the present authors re-
assessed the phase diagram of this system based on
new experimental data of the phase diagram.8 Ther-
modynamic assessment of the In-Sn system has
been carried out by Lee et al.23
In the present assessment, thermodynamic pa-
rameters were taken from those of the Sn-Ag, Ag-In,
and In-Sn binaries, and the calculated binary-phase
diagrams are shown in Fig. 2.
Sn-Ag-In System
Miki et al. studied the activities in some molten-
ternary alloys using a mass spectrometer and esti-
mated the thermodynamic parameter in the ternary
system.24 The enthalpy of mixing in the liquid phase
was measured by Gather et al.25 These experimental
results were used to optimize the parameters of the
liquid phase. Figure 3 shows a comparison of the
measured25 and calculated enthalpy of mixing in the
liquid phase of the Sn-Ag-In ternary system at some
vertical sections (In/Sn 5 1/4, 2/3, 3/2, and 4/1),
which indicates that there is basic agreement be-
tween the experimental results and calculation. The
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Fig. 7. The calculated liquidus projection in the Sn-Ag-In system,
where there are five peritectic reactions and a eutectic reaction on
the In-Sn side.




Liquid 1 Ag3Sn 
3 (Sn) 1 z 227 Sn-1.9In-3.9Ag
P1
Liquid 1 (Sn) 
3 g 1 z 209 Sn-6.8In-3.3Ag
P2
Liquid 1 z 3 g
1 Ag2In 180 Sn-25.5In-2.5Ag
P3
Liquid 1 Ag2In 
3 b 1 AgIn2 119 Sn-61.1In-1.0Ag
P4
Liquid 1 (In) 
3 b 1 Ag2In 135 Sn-84.6In-1.3Ag
P5
Liquid 3 b 1 g
1 Ag2In 114 Sn-52.2In-0.9Ag
E
Fig. 8. The effect of In on the eutectic temperature in the Sn-Ag bi-
nary system.
calculated activities of Sn, Ag, and In at 1,150°C are
shown in Fig. 4; they are in reasonable agreement
with those estimated by Miki et al.24 The parame-
ters for other phases were assessed based on the
present experimental data of the phase equilibria.
The optimized thermodynamic parameters for de-
scribing the phase equilibria of the Sn-Ag-In system
are listed in Table III. Comparisons between calcu-
lated and experimental results are given in Figs. 5
and 6.
The calculated isothermal sections are in good
agreement with the experimental data. Two exam-
ples of the calculated isothermal sections at 180°C
and 400°C, as compared with the experimental data,
are shown in Fig. 5. Very satisfactory agreement be-
tween the calculated vertical sections and the exper-
imental data is shown in Fig. 6. Based on the opti-
mized thermodynamic parameters, the calculated
liquidus projection of this system is shown in Fig. 7,
in which there are five peritectic reactions and one
eutectic reaction on the In-Sn side. The invariant re-
actions are summarized in Table IV.
Examination of the effect of In on the eutectic
temperature in the Sn-Ag binary system (221°C)
was calculated, as shown in Fig. 8. It is seen that the
addition of In decreases the eutectic temperature,
and the eutectic temperature reaches about 200°C
when the additional In content is 15wt.%In. Two po-
tential candidates (Sn-2.8wt.%Ag-20wt.%In and Sn-
3.5wt.%Ag-5wt.%In) for the Pb-free solders in the
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Fig. 9. The calculated phase fraction of (a) Sn-2.8Ag-20In and (b) Sn-3.5Ag-5In alloys during cooling following the Lever rule.
Fig. 10. The calculated liquid-phase fraction accompanying equilibrium solidification (solid line) and nonequilibrium solidification by the Scheil
model (dotted line) for (a) Sn-2.8Ag-20In and (b) Sn-3.5Ag-5In alloys.
Sn-Ag-In system have been reported by Abtew and
Selvaduray.3 Here, the phase fractions and simula-
tion of solidification are analyzed for these two al-
loys. Figure 9 is the calculated phase fraction during
cooling using the Lever rule. It is found that the Sn-
2.8Ag-20In alloy is composed of g (about 90%), Ag2In
(about 5%), and AgIn2 (about 10%) phases in the
solid state, and the Sn-2.5Ag-5In alloy is composed
of g, (Sn), and hcp phases in the temperature range
from 150–200°C and of (Sn) and Ag2In two phases
below 150°C. The nonequilibrium solidifications are
simulated by Scheil’s model, which can provide a
prediction close to reality, as shown in Fig. 10. It
should be noted that the formation of the liquid
phase caused by segregation under the nonequilib-
rium condition increases the freezing range. In par-
ticular, for the Sn-3.5Ag-5In alloy, a very narrow
freezing range exists under the equilibrium condi-
tion, while the liquid phase with a small fraction, ex-
ists until about 115°C under the nonequilibrium
condition.
DETERMINATION OF DENSITY AND 
SURFACE TENSION
Density and surface-tension measurements of the
In-Sn and (Sn-3.8Ag)eut 1 In liquid solutions were
conducted in the temperature range from 160–
917°C and 242–930°C, respectively. Density was
measured for two ternary (Sn-3.8Ag)eut 1 In (XIn 5
0.05 and 0.1) and for four binary In-Sn (XIn 5 0.05,
0.25, 0.483, and 0.75 ). Surface tension was meas-
ured for three binary In-Sn (XIn 5 0.25, 0.483, and
0.75) and for the same ternary alloys, which were
measured for density. The temperature dependen-
cies of the density and the surface tension are listed
in Tables V and VI, respectively, and the respective
linear equations were determined using the least-
squares method. The variance analysis26 was used
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Table V. Temperature Dependencies of the Density of the In-Sn Binary and (Sn-3.8Ag)eut 1 In 
Liquid Alloys
XIn r 5 a 1 b*T (g cm23) r250°C(g cm23) Err (a) (g cm23) Err (b) (g cm–3 T–1)
In-Sn
1.000* r 5 7.365 2 0.000790T 6.952 6 0.012 60.017 60.000023
0.750 5 7.298 2 0.000619T 6.975 6 0.035 60.044 60.000051
0.483 5 7.343 2 0.000866T 6.902 6 0.070 60.052 60.000076
0.250 5 7.323 2 0.000707T 6.953 6 0.036 60.049 60.000057
0.050 5 7.305 2 0.000587T 6.998 6 0.032 60.046 60.000052
0.000 5 7.285 2 0.000545T 7.000 0.0 0.0
(Sn-3.8Ag)eut 1 In
0.000** r 5 7.365 2 0.000599T 7.051 6 0.031 60.040 60.000047
0.050 5 7.594 2 0.000868T 7.140 6 0.043 60.081 60.000108
0.100 5 7.658 2 0.000907T 7.184 6 0.118 60.184 60.000218
*Data from Ref. 10: r 5 7.314 2 0.0006842T.
**Rewritten from Ref. 27.
Table VI. Temperature Dependencies of the Surface Tension of the In-Sn Binary and (Sn-3.8Ag)eut 1 In
Liquid Alloys
XIn s 5 A 1 B * T (mN m21) s250°C (mN m21) Err(A) (mN m21) Err(B) (mN m–1 T–1)
In-Sn
1.000* s 5 593.8 2 0.0942T 544.5 6 11.6 611.9 60.0144
0.750 5 595.6 2 0.1053T 540.6 6 7.5 68.0 60.0086
0.483 5 584.1 2 0.0874T 538.4 6 5.3 66.5 60.0075
0.250 5 607.9 2 0.0998T 555.7 6 13.8 613.0 60.0151
0.050 5 617.4 2 0.1073T 561.3 6 7.4 610.3 60.0114
0.000 5 582.8 2 0.0834T 539.2 6 9.5 66.6 60.0079
(Sn-3.8Ag)eut 1 In
0.000** s 5 586.4 2 0.0904T 539.1 6 12.5 615.6 60.0179
0.050 5 577.1 2 0.0746T 538.0 6 4.6 65.2 60.0057
0.100 5 571.5 2 0.0672T 536.3 6 7.6 69.2 60.0100
*Rewritten from Ref. 10.
**Rewritten from Ref. 27.
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Fig. 11. The temperature dependencies of density of In-Sn liquid al-
loys.
Fig. 12. The molar-volume isotherms of In-Sn liquid alloys at 250°C
and 960°C.
Fig. 13. The density isotherms of In-Sn liquid alloys at 250°C and
960°C.
Fig. 14. The temperature dependencies of density of (Sn-3.8Ag)eut
1 In liquid alloys.
for calculation of errors of the density and surface
tension at 250°C. The errors of parameters A, B, a,
and b of the linear equations are also shown in Ta-
bles V and VI.
The present results on the density were used in
calculations of the molar volume. The measured
densities and calculated molar volumes for binary
In-Sn alloys are presented in Figs. 11 and 12, to-
gether with the values calculated using equations
in Table V. The isotherms of density are shown in
Fig. 13.
Because of the fact that the densities of In and Sn
are very close to each other, the observed deviations
from the linear behavior at the isotherm (Fig. 13) of
the In-Sn system are comparable to the measure-
ment errors. The spline description of the experi-
mental data (continuous lines) shows negative devi-
ations from linear behavior at lower concentrations
of In and slightly positive deviations for concentra-
tions higher than 0.7 molar fraction of In. The oppo-
site tendency is observed for molar volumes, as
shown in Fig. 12.
Densities of the (Sn-3.8Ag)eut 1 In alloys, pre-
sented in Fig. 14, are higher than the In density.
The addition of In slightly increases density in com-
parison with the binary-eutectic Ag-Sn at 250°C,
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with the opposite tendency at 960°C, as illustrated
in Fig. 15 for isotherms. The maximal deviations
from linear behavior, however, are very close to the
experimental errors. Figure 16 shows the molar-vol-
ume isotherms of Sn-Ag-In alloys, which exhibit the
reverse tendency in comparison with the density.
As with density, the surface-tension dependence
on temperature of In-Sn liquid alloys is practically
the same, as shown in Fig. 17. The change of the
surface tension caused by the addition of the second
component, which is comparable to the measure-
ments errors, is shown in Fig. 18. The same is true
for the ternary (Sn-3.8Ag)eut 1 In alloys for which
the measured values of surface tensions of In, Ag-
Sn eutectic and ternary alloys Ag-Sn-In are very
similar.
Comparison of the calculated results by Butler’s
model16 and the measured surface-tension iso-
therms of In-Sn and (Sn-3.8Ag)eut 1 In alloys are
presented in Figs. 19 and 20. Continuous lines in
Fig. 19 represent a polynomial description of the ex-
perimental data points, and the dashed lines ex-
hibit the values calculated by Butler’s model.
In both temperatures for the In-Sn system, the
calculated surface tensions are practically equal to
the linear changes (thin continuous lines). In rela-
tion to this behavior, the experimental data are
higher for lower In content and lower at higher con-
Fig. 18. The temperature dependences of the surface tension of the
(Sn-3.8Ag)eut 1 In liquid alloy.
Fig. 15. The density isotherms of (Sn-3.8Ag)eut 1 In liquid alloys at
250°C and 960°C.
Fig. 16. The molar-volume isotherms of (Sn-3.8Ag)eut 1 In liquid al-
loys at 250°C and 960°C.
Fig. 17. The temperature dependencies of the surface tension of In-
Sn liquid alloys.
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Fig. 19. The experimental data (points, continuous lines) and data
calculated by Butler’s model (dashed lines) for the surface tension of
In-Sn liquid alloys at 250°C and 960°C.
Fig. 20. The experimental data (points) and data calculated by But-
ler’s model (dashed lines) for the surface tension of the liquid alloy
(Sn-3.8Ag)eut 1 In at 250°C and 960°C
centrations of In, but the deviations are in the
range of experimental errors. For the ternary (Sn-
3.8Ag)eut 1 In liquid alloys, shown in Fig. 20, very
good agreement is observed between calculated and
experimental values of the surface tension. The
maximal differences are less than 3%.
Recently, Tanaka et al.28 presented the surface-
tension measurements by the sessile-drop method
of Ga-based alloys, also including the In-Sn system.
For the In-Sn alloys, both the surface tension and
molar volume showed linear changes between the
data of pure components in the entire range of con-
centrations. Our data of the surface tension and the
molar volume for the In-Sn liquid alloys exhibit a
similar trend when experimental errors are taken
into account.
CONCLUSIONS
• The phase equilibria of the Sn-Ag-In system,
including four isothermal sections, as well as
nine vertical sections, were determined. The re-
sults indicate that there are very small solubil-
ities of In in the Ag3Sn and small solubilities of
Sn in the Ag2In and AgIn2 phases, and that the
z(hcp) phase continuously exists from the Ag-
Sn to the Ag-In sides.
• Thermodynamic assessment of the Sn-Ag-In
system was carried out based on the experi-
mental data. The thermodynamic parameters
for describing the phase equilibria were opti-
mized, resulting in good agreement between
calculated and experimentally observed phase
equilibria and thermodynamic properties.
• The density and the surface tension of the In-
Sn and (Sn-3.8Ag)eut 1 In liquid alloys were
measured using the dilatometric method and
the maximum bubble-pressure method, respec-
tively. Additionally, the surface tension was cal-
culated using Butler’s model, and agreement
between calculated and measured values was
found to be in the range of measurement er-
rors. The calculated values of the surface ten-
sion exhibit changes that are almost linear
with the concentration of components.
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